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The present invention relates to new high molecular 
polyester amides having different but valuable properties 
as plastics as well as a process for preparation of these 
polyester amides. 

It is already known that q-acyloxy-carboxylic acid 
amides (IVa) may be obtained by combining a carboxylic 
acid (la), a carbonyl compound (11a) and an isonitrile 
(IIIa) (M. Passerini, Gazz. chim. itaL, 61, 964 (1931)). 
The tsoacalled- Passerini reaction may be represented as 
follows: ' i i ' 

Ia IIa IIIa 

(R1~R4 represent organic radicals such as alkyl and aryl 
radicals but may also represent hydrogen atoms.) 
The yields obtained in the Passerini reaction are gen 

erally below 80%. The use of this reaction for polyfunc 
tional components to prepare high molecular weight 
synthetic materials must therefore be regarded as un 
suitable. If the reaction does not go to completion, the 
high molecular compounds produced would have only 
short chains and may still contain a certain quantity of 
starting material. High molecular weight substances of 
this type do not have interesting or valuable properties 
as synthetic materials. The Passerini reaction does not 
appear to be suitable for preparing synthetic materials 
with valuable properties. 

It has now been found that high molecular weight 
polyester amides with plastics properties may be obtained 
by reacting together a high molecular weight carboxylic 
acid component, a carbonyl component and an isonitrile 
component, at least two of these components being bi~ 
functional. Materials with valuable properties may be 
obtained from this reaction if at least one of the poly 
functional addition components has a molecular weight 
between 300 and 200,000, preferably between 500 and 
4000 and if the molar ratios between the carboxyl group, 
carbonyl group and isonitrile group deviate less than 50% 
from the equimolar proportions. 

It must be regarded as very surprising that high mo 
lecular compounds with valuable properties as synthetic 
materials are obtained from polyfunctional starting ma 
terials even though the reaction is not quantitative in the 
low molecular weight range. What is particularly sur 
prising is that particularly good properties such as high 
thermal stability, great resistance to tearing, high tensile 
strength, high impact strength and great toughness are 
obtained if at least one of the polyfunctional addition 
components has a molecular weight between 300 and 
200,000 and the molecular ratios between carboxyl group, 
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2 
carbonyl group and isonitrile group deviate by less than 
5 0% from the equimolar ratios. 
The high molecular weight carboxylic acid component 

more speci?cally is represented by a carboxyl group con 
taining polymer having a molecular weight of between 
300 and 200,000, preferably 500-4000, and having a 
carboxyl group content of from 1 to 20% (by weight), 
preferably 41-15%. V 

_ Typical carboxyl group containing polymers to be used 
according to the present process are members of the fol 
lowing group: 

(1) Copolymers of: 
(a) Acrylic acid 
(b) Methacrylic acid, 
(c) Maleic acid semi esters 

with copolymerizable 
(a) monovinyl compounds (‘such as monovinyl hydro 

carbons, monovinylester, monovinyl halides, acrylic 
acid derivatives) ' 

(b) monovinyliden compounds (such as vinyliden ha 
lides, methacrylic acid derivatives) 

(0) conjugated aliphatic diole?nes having from 4 to 6 
carbon atoms, 

said copolymers having a COOH~group content between 
1 and 20% . ‘ 

(2) Polyesters of: 
(a) A saturated‘aliphatic alcohol having 2-3 OH-groups 

with 
(bI) Saturated aliphatic carboxylic acids having 23 
COOH-groups or ' 

(bII) Unsaturated aliphatic carboxylic acids having 2-3 
COOH-groups or 

(bIII) Aromatic, preferably monocyclic carboxylic acids 
having 2-3 COOH-groups, 

said polyester having a carboxylic group content between 
1 and 20% . . 

The isonitrile component (:diisocyanide component) 
to be used represents an at least 7 C-atoms containing 
isonitrile having at least one, preferably 2-3 ~N§C~ 
group. 

Isonitriles of preferred interest are such of the following 
group: 

(1) Monocyclic aromatic diisonitriles, preferably such 
being substituted with l-4 C-atoms containing alkyl 
groups. 

(2) Diisonitriles of diphenyl alkanes, preferably of 
diphenylmethanes and 2,2-diphenylpropancs. 

(3) Cycloaliphatic mono- or diisonitriles having 4-6 
ring C-atoms. 

(4) Diisonitriles of aliphatic, saturated hydrocarbons 
having 2-10 carbon atoms. 

Carbonyl components which are to be used according 
to the preferred embodiment of this invention are those 
which correspond to the following general formula 

Rq-OO-Ih 

wherein R1 and R2 may represent a hydrogen atom, an 
alkyl group, a cycloalkyl group, and an aralkyl group 
or an aryl group, said groups containing between l—l5 
carbon atoms and wherein furthermore R1 together with 
R2 may form a 4-membered, S-mernbered or 6-membered 
carbon ring system. More speci?cally as carbonyl com 
pounds are intended aldehydes and ketones of the ali 
phatic, cycloaliphatic, aromatic-aliphatic as well as the 
aromatic series. 
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The carbonyl compounds of preferred interest are 
such of the following groupz, 

( 1) Saturated aliphatic aldehydes having from 1-12 
carbon atoms and containing 1 or 2 aldehyde groups 
according to the general de?nition of our invention. 

(2) Monocyclic aromatic aldehydes containing 1 or 2 
aldehyde groups according to the general de?nition of 
our invention. . - 

(3) Aliphatic saturated monoketones having between 
3 and 10 carbon atoms. 

(4) Saturated aliphatic-aromatic monoketones having 
at least 8 carbon atoms. I 

(5) Aromatic-aromatic monoketones, preferably such 
containing 2 benzene ring systems. 

(6) cycloaliphatic monoketones having at least 5 and 
up to 10 carbon atoms. 
The course of the reaction of the polyaddition accord 

ing to the invention may be represented diagrammatically 
by the following reaction scheme: ~ - 

a. M00011)! +b. v(o=o)... +c. w(N='c).. —» polyester arnido 
r 11 III IV 

In this reaction scheme U, V, W represent mono-, di- or 
polyvalent organic radicals, a, b, 0 represent the molar 
quantities of the addition components I-III and l, m and 
n indicate how many functional groups are contained in 
the molecule. 1 

In an _;accurately stoichiometrical polyaddition, the 
ratio of the molar numbers of the reactive groups, name 
ly (a.l):(b.m):(c.n) is 1:1:1. One may deviate from 
this ratio by up to 50%. The molar ratios between the 
individual reactive groups therefore may lie between 
0.5-1.5:0.5-1.5:0.,5—,1.5. If I or m or n are consider 
ably greater than 2, particularly if they are greater than 
5, excesses greater than 50% of the corresponding poly 
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a monoisonitrile, we obtain the following polyester amide 
types: 

g do (130 rlrrr 11:11 i 
1'1 it 

II . zm Z77} II 

In this formula indicate: 

R: the monoisonitrile residue without isonitrile groups 
B: the dialdehyde residue without the aldehyde groups 
xx: the reacted carboxyl group component 
yd: the reacted dialdehyde 
zm: the reacted monoisonitrile 

These two typical examples demonstrate the new prin 
ciple of crosslinking carboxyl groups containing polymer 
claims by the process‘ of this invention. Obviously this 
crosslinking process is not limited to these two speci?c 
types. ‘ 

A large number of ‘ addition components I—III may 
be used for the ‘process according to the invention. 
The following groups of compounds are to be under 

~ ~_ ‘stood as carboxylic acid components (I): 

30 
(1) aliphatic, aromatic and- heterocyclic mono- and 

polycarboxylic acids. They may be of low molecular 
weight but preferably high molecular weight carboxylic 
acids with a molecular weight between 300 to 200,000 

: ‘r are used. 

35 

functional components may be used. The functional 
groups may be present in very large numbers in the ' 
molecule, e.g. up to 200. The more functional groups 
that are present in the molecule, the greater may be the 
excess. These molar ratios refer in. each case to the 
polyester amide ?nally obtained. . > 

In principle,iat least two of the parameters l, m, 11 
must be greater than one in‘ the polyaddition according 
to the invention. Furthermore, it is advantageous but 
not absolutely necessary for at least one addition com¢ 
ponent which contains at least two reactive functional 
groups at the same time to have a molecular weight be 
tween 300 and 200,000.‘ 

Typical examples of polyesteramides which can be pre 
pared according to the process of this invention cor 
respond to the. formulae following below. If for ex 
ample-in accordance with a preferred embodiment of 
this invention—a monoaldehyde and a diisonitrile is 
applied as isonitrile component, polyester amides of For 
mula V are obtained. ' ~ ‘ 

In this formula indicate: 

R1 and R2: a monovalent aliphatic, cycloaliphatic or aro 
matic hydrocarbon radical or a hydrogen atom 

A: the diisonitrile residue without the isonitrile groups _ 
i: the carboxyl group carrying polymer molecule ’ 
xx: the reacted carboxyl group component 
ym: the reacted carbonyl group component 
zd: the reacted diisonitrile component 

If similarly a dialdehyde is applied in connection with 

40 

Examples of such high molecular weight carboxylic 
acids which may ‘be used include the following: Uniform 
and mixed polyesters with two or more free carboxyl 
groups, which may be obtained by the known process 
from di_ and tricarboxylic acids and di- or triols. These 
polyesters may also contain monofunctional alcohols, 
monocarboxylic acids, phosphoric acid, polyhydroxyl com 
pounds with more than three hydroxyl groups, amino al 
cohols and polyisocyanates as structural units. These 
polyesters may, for example, contain as glycol, com 
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ponents: Ethylene glycol, diglycol, octaglycol, polygly 
c-ols having molecular weights of 300 to 4000, 1:2- and 
1:3-propanediol, monochlorohydrin, polypropylene gly 
cols with molecular weights of 200 to 4000, mixed poly 
glycols of ethylene- and propylene oxide, 13-, 223-, 1:4 
butanediol, polyethers which may be derived from 1:4 
butanediol, 1:6- and 2:5-hexadiol, 1:10-decanediol, 2:2 
dimethyl-l :3-propanediol, 3-methyl-2 : 4-pentadiol, octa 
decane-9: l0-diol-(12), di-p-(-hydroxyethoxyphenyl ) -pro 
pane- ( 2 : 2) , dihydroxyethylhydroquinone, dihydroxyethyl 
p:p'-dihydroxydi-phenylmethane and its alkyl- and halo 
gen derivatives, dihydroxyethyl-m~toluidine, glycerol, 
1 : 2 : 4-butanediol, trimethylolpropane, 1 :2 : 6-hexanetriol, 
pentaerythritol, mannitol and cane sugar. In addition, 
the following mono-functional alcohols may be incorpo 
rated in the polyesters: methanol, chlorohydrin, allyl 
alcohol. As carboxylic acid components of the polyesters, 
there may be used the above mentioned carboxylic acids 
as well as, in particular, acetic acid, dichloroacetic acid, 
acrylic acid, sorbic acid, fatty acids of linseed oil, laevulinic 
acid, oxylic acid, succinic acid, maleic acid, tetrapropenyl 
succinic acid, diglycollic acid, tartaric acid, benzoic acid, 
3:4-dichlorobenzoic acid, 0-, m- and p-benzenedicarbox 
ylic acids, 1:2:4-benzene-tricarboxylic acids, pyromellitic 
acid, hexachloro-endomethylene-tetrahydrophthalic acid, 
polycarboxylic acids which may be obtained by reacting 
lactones such as vbutyrolactone with aromatic hydrocar 
bons such as benzene or naphthalene. 
The following are speci?c examples of polyesters with 

free carboxyl groups: Polyesters of adipic acid and ethylene 
glycol with an average molecular weight of 200 to 5000, 
acid polyesters which have been obtained by ester inter 
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change of linseed oil with trimethylolpropane and ben 
zene-l:1:4-trica-rboxylic acid, polyester- and polyether car 
boxylic acids obtainable from di- or polyols by oxidation 
or by reaction with cyclic carboxylic acid anhydrides or 
carboxylic acid polyanhydrides. The following may also 
be used as polyesters: Adipic acid ethylene glycol poly 
ester and. adipic acid diglycol polyester with hydroxyl 
numbers of 25 to 300. Polyethers which may be used in 
clude: polyethylene oxide, polypropylene oxide or poly 
tetrahydrofurans with terminal hydroxyl groups of hy 
droxyl number 25 to 300. Acid anhydrides which may 
‘be used include: succinic acid anhydride, glutaric acid 
anhydride, maleic acid anhydride, phthalic acid anhy 
dride, hexachloro-dimethylene-tetrahydrophthalic acid an 
hydride, hexahydrophthalic acid anhydride, 1:2:4-ben 
zenetricarboxylic acid anhydride, naphthalic acid an 
hydride and adipic acid anhydride. 

Other carboxylic acid components include polycarbox 
ylic acids having molecular weights between 300 and 
200,000, e.g. polyamides with carboxyl groups, such as 
polyamide carboxylic acids obtained from hexamethylene 
diamine and excess adipic acid, polycarboxylic acids ob 
tained ‘by polymerisation or copolymerisation of acrylic 
acid or maleic acid, semi-esters, or semi-amides, analogous 
derivatives of itaconic acid obtained by partial or complete 
saponi?cation of high molecular weight compounds with 
ester-, amide-, cyclic anhydride- or nitrile groups, e.g. 
partially saponi?ed polyacrylic acid methyl esters of 
molecular weight 400 to 10,000 and carboxyl numbers 
of 30 to 300. 

Suitable acid components are, furthermore, polycon-, 
densation products of formaldehyde and phenolcarbox~ 
ylic acids, such as salicyclic acid, p-hydro'benzoic acid, 
resorcinol carboxylic acid and mixtures of these com 
pounds with phenols. , V I 

(2) In addition to compounds with free carboxyl groups 
there may also be used, as carboxylic acid components, 
carboxylic acid esters which split off alcohol or ole?nes 
under the reaction conditions, as well as anhydrides. 
Readily decomposable estens include for example, cyanic 
methyl ester, vinyl acetate, tertiary butyl acetate, OL-EtlkOXy 
alkyl ester and gem-diacyloxyalkanes. Examples of 
these are: Cyano~methyl butyrate and gem-diacetoxy 
ethane. The same examples may ‘be mentioned for the 
carboxylic acid anhydrides as those that were mentioned 
above for the preparation of polyester carboxylic acids 
from diols. 

Carbonyl components (II) include both ketones and 
aldehydes. Both carbonyl compounds may contain one 
or more functional groups. They may ‘be of low molec 
ular weight or have a molecular weight between 300 and 
200,000. 

Examples of low molecular weight carbonyl compounds 
include: Formaldehyde, 'acetaldehyde, propionaldehyde, 
?-chloropropionaldehyde, acrolein, glycidic aldehyde, n 
and iso-butyraldehyde, crotonaldehyde, aldol, hydroxy 
pivalinic aldehyde, isohexyl aldehyde, acetone, methyl 
ethyl ketone, diethyl ketone, methyl vinyl ketone, aceto 
acetic ester, cyclohexanone, hydrocinnamic aldehyde, 
benzaldehyde, salicyclic aldehyde, 2:4-dichlorobenzalde 
hyde, acetophenone, benzophenone, glutaric dialdehyde, 
glyoxyl, methyl- and dimethylglyoxyl, benzil, acetylace 
tone, acetonylacetone, terephthalic dialdehyde, 1:3:5 
triacetyl benzene and the disulphide of a-mercapto-iso 
butyraldehyde, polycarbonyl compounds obtainable from 
hydroxycarbonyl compounds such as glycolic aldehyde, 
aldol hydroxypivalinic aldehyde (dihydroxy-di-methyl 
pivalinic aldehyde), diacetone alcohol, 0- and hydroxy 
‘benzaldehyde, p-(B-hydroxy-ethoxyl)~benzaldehyde, va 
nillin or p-hydroxyacetophenone by esteri?cation with 
carbonic acid (eg. by phosgenating), carbaminic acid 
(e.g. by reaction with polyisocyanates) or with acids of 
phosphorus or polycarboxylic acids or by etherifying poly 
carbonyl compounds obtainable by alkylating compounds 
capable of being alkylated in several positions (e.g. 4:4’ 
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6 
dihydroxy-diphenyl-dimethylmethane) using halogencar 
‘bonyl compounds such as a-bromo-isobutyraldehyde or 
chloroacetone or tad-unsaturated carbonyl compounds 
such as methyl vinyl ketone. In addition, there may be 
mentioned polycarbonyl compounds obtainable by rear 
rangement of polyepoxides such as di-(2z3-epoxy-l-pro 
poxy) 4p : p’-dihydroxydiphenyldimethylmethane. 

Polycarbonyl compounds of high molecular weight may 
be obtained by polymerisation, polyaddition or polycon 
densation of carbonyl-containing monomers which con 
tain functional groups that can be converted into car 
bonyl groups. Examples of such compounds are as fol 
lows: 

Polyurethanes prepared by cocondensation of mono-, 
di_ or polyhydroxycarbonyl compounds. The following 
hydroxycarbonyl com-pounds may be used: Aldol, gly 
cerol aldehyde, hydroxypivalinic aldehyde, dihydroxy 
methylene-isova-linic aldehyde, and oxy- and dioxy~ace 
tone ‘as well as polyurethanes which are obtainable from 
polyisocyanates ‘with carbonyl groups such as benzo 
phenone-4:4'-diisocyanate; polymers or copolymers of 
acrolein or of methylvinyl ketone or vinyl benzaldehyde; 
copolymers of ethylene and carbon monoxide; polycar 
bonyl corn-pounds obtainable by partial ozonisation (and 
subsequent reduction of the ozonide) of polymers of co 
polymers of styrene or 1:3-diole?nes such as butadiene, 
isoprene and dimethylbutadiene. 

Aliphatic, aromatic or heterocyclic mono- or polyiso 
nitriles may be used as isonitrile components (III). The 
isonitrile components may be low molecular weight com 
pounds or have a molecular weight of 300 to 200,000. 
Sterically hindered aliphatic and aromatic isonitriles have 
been found to be particularly suitable. 
The following are particular examples of isonitrile 

components: 
Ethyl-, allyl-, n- and tertiary butyl-, cyclohexyl-, cyclo 

>hexenyl-, benzyl-, phenyl-, o- and p-toluyl-, p-anisyl-, 
2:4-, 2:5- and 2:6~xy-lyl-, 2:6-diethylphenyl-, 2:4:6-tri 
chlorophenyl- and B-naphthylisocyanide, S-methyl-S-iso 
cyano-l :3-dioxan-2-one, di(2-methyl-2-isocyanic-l - pro 
pyl) - carbonate, 1:6 - hexane-, 2 - methyl-pentene-2:4-, 
a : a : a’ : a’-tetramethyl-p-xylylene-, 2 : 4-toluy-lene-, l-meth 
yl-3 :5-diethyl-2:4-phenylene-, l :S-naphthylene—, 4:4’-di 
p‘henyl methane~, 4:4'-di-pheny-lene-, 3:3’:5:5’-tetraethyl 
d,ipheny'lurea-4:4’-, tri-(3 :5-diet'hyl~4 - isocyanophenyl) 
methane, 3 :3 ’-dichloro-5 : 5 ’-dimethyl-4 : 4’-diphenylmeth 
ane-, 3 :3 '-dimethyl-5 : 5’-diethyl - 4:4’-diphenylmethane-, 
3:3’:5:5'-tetraethyl - 4:4’ - diphenylmethane-diisocyanide 
and 4 - ot-isocyanoethyl-phenylisocyanide. In addition 
polyisonitriles obtained from simple isonitriles such as 
tertiary butyl isocyanide or cyclohexylisocyanate or mix 
tures of these with unsaturated hydrocarbons such as 
butadiene by radical linkage, for example by means of 
Feutons’ reagents, as well as polyisonitriles obtained from 
hydroxyisonitriles by esteri?cation and etheri?ca-tion with 
polyfunctional compounds as indicated for polycarbonyl 
compounds from hydroxycarbonyl compounds may also 
be used. 

Polyisocyanides of molecular weights 300 to 200,000 
obtained by known processes by a polymerisation, poly 
addition and polycondensation from low molecular 
weight starting materials containing isocyanlide groups in 
clude for example: Polyurethanes into which polyhy 
droxy-isocyanides such as 1-(?-hydroxyethylcarbamino) 
2~methyl-2-isocyanic-propanol-(3) (obtainable from 2, 
methyl-2~formyl-amino-1:3-propanediol and phosgene in 
tri'ethylamine fol-lowed by condensation with ethanol 
amine) have been incorporated by condensation, or co 
polymers of ally-lisocyanide or vinyl~phenylisocyanide and 
suitable monomers such as styrene or butadiene. 

Addition components other than the above mentioned 
addition components I to III may however also be used 
as starting materials for the process of the invention. 
For example, instead of using a certain compound with 

a certain functional group, it is possible to use a mixture 
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of compounds which contain the same functional groups, 
for example several different carboxy-lic acids may be used 
instead of one particular carboxylic acid. It is thus pos 
sible to use mixtures of such components which have 
the same functional groups but a different reactivity. 
Such mixtures may be used if a precondensate is ?rst 
prepared which is then condensed out at higher tempera 
tures. 

It is also possible to use addition components which 
contain several different functional groups in the mole 
cule. Particularly suitable for this purpose are com 
pounds which contain a carbonyl group in addition to a 
carboxyl group. Furthermore, carbonyl compounds 
which contain isonitrile groups may be used. 

Examples of these have already been given in the list 
of the above mentioned addition components. Further 
more, keto acids such as laevulinic acid and aldehydic 
acids such as terephthalic aldehydic acid and <x~isocyanic 
cyclohexanone may be used. 
The components may be combined either in solution 

or without solvent. The following solvents may be used: 
Water or organic solvents, e.g. alcohols such as methanol, 
ethanol, n-butanol, methyl glycol, glycol, diglycol, esters 
such as ethyl acetate, glycol monornethyl ether acetate, 
ethyl acetoacetate, ethers such as diethylether, tetrahydro 
furan, diglymes, dioxane, aniso-le, aldehydes and ketones 
which may, if desired, take part in the addition as car 
bonyl components (II), such as isobutyraldehyde, benz 
aldehyde, acetone, methyl ethyl ketone, methyl isobutyl 
ketone, methyl benzyl ketone, iacetoph'enone, hydrocar 
bons, halogenated hydrocarbons and inert polar solvents 
such as nitrobenzene, pyridine, dimethylformamide or 
dimethylsulphoxide. 
The polyaddition according to the invention may be 

carried out at low or elevated temperatures depending 
on the reactivity of the individual reaction components. 
The reaction temperatures generally lie between ~20 
and +200", preferably between +10 and + 150° although 
higher or lower temperatures may be used' 
The polyaddition may be carried out by various 

methods. 
The addition components may be dissolved together in 

a common solvent or they may be melted together or 
rolled together. In principle, it is not necessary to add 
reaction accelerators. However, compounds which have 
a catalytic action may be used (compounds of Mg, Zn, B, 
Al, Si, Ti or Sn which can form loose complexes with the 
components) e.g. boron ?uoride etherate or dioctyl tin 
dilaurate or orthotitanic acid tetrabutyl ester. A slight 
acceleration of the reaction is thus obtained. In prin 
ciple, however, the advantage of the polyaddition prod 
ucts according to the invention is that they do not con 
tain any additives. 
A preferred method of carrying out the polyaddition 

consists in preparing a preadduct which is removed by 
condensation in a second reaction stage. The preadduct 
is prepared by breaking off the addition by cooling or by 
adding one component in excess, namely about 0.2 to 0.8 
mol in excess per mol of the other reactive groups, so 
that living polymers are obtained. Components contain 
ing groups of different reactivity or mixtures of com 
ponents of different reactivity or functionality may also 
be used for preparing the preadduct. Removal by con 
densation is effected by suitably heating or by adding the 
missing reaction component. 
The polyester amides according to the invention may 

be subsequently cross-linked by known process or vul 
canised by means of sulphur, formaldehyde, hexameth 
ylene itetramine or polyepoxides or resoles such as poly-o 
hydroxymethylphenols, but peroxides such as dicumyl 
peroxide may also be used. 
The same products may also be added at an earlier 

stage, during the polyaddition process. Cross-linking by 
additional reactions then occurs. 
By using addition components which contain phos 
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phoric ester groups or halogen such as ?uorine, chlorine 
or bromine it is possible to produce polymers having 
reduced in?ammability. 

Auxiliary agents and additives such as stabilisers 
against light, oxygen, water and chemicals, dyestuffs and 
optical brightening agents, plasticisers and ?llers may be 
added to the components before the addition or may sub 
sequently be incorporated in the synthetic products. It 
is also possible to incorporate dyestuffs, optical brighten 
ing agents and stabilisers into the macromolecule in the 
process of polyaddition by way of the reactive carboxyl-, 
amino-, carbonyl- or isonitrile groups. 
The polyaddition according to the invention may be 

carried out simultaneously with other polycondensations, 
polyadditions or polymerisations. The process accord 
ing to the invention may be combined with isocyanate 
polyaddition to produce heat stable and chemically stable 
cross-linkages of predetermined constitution. 
The polyaddition according to the invention may also 

be carried out simultaneously with the polycondensation 
of carboxylic acids, amines carbonyl compounds and 
isonitriles. In this polycondensation, a carboxylic acid 
component, an amine component, a carbonyl component 
and an isonitrile component are condensed together; at 
least two of the condensation components are bifunction 
al and at least one of the polyfunctional condensation 
components has a rnolecular weight between 300 and 
200,000 and the molar ratios between carboxyl group, 
carbonyl group and isonitrile group deviate by less than 
50% from the equimolar ratio. This polycondensation 
is generally carried out at temperatures between —20 and 
+200° (see also German patent speci?cation application 
F 36,282). The condensation of the reaction according 
to the invention and of the above mentioned polycon 
densation then consists in carrying out a process similar 
to that used for the polycondensa-tion but with a de?ciency 
of amine component. 
The process is also suitable for terminal cross linkings 

‘ of synthetic materials which contain carboxyl-, primary, 
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or secondary amino-, carbonyl- or isonitrile groups. The 
functional groups contained in the polymers are reacted 
in accordance with the invention. This produces a cross 
linkage which is extremely stable to heat and which im 
parts additional strength ‘to the structure by virtue of the 
hydrogen bonds. 
The process according to the invention is also suitable 

for preparing foarn plastics. The usual compounds that 
split off gas may be used as blowing agents. If desired, 
air may be stirred in or low boiling solvents such as 
petroleum ether may be added. The organic solvents 
are driven off by steam. 

Emulsions of plastics such as polyvinyl chloride, poly 
a-crylonitrile, polystyrene, phenolic resins or acetyl cellu 
lose, in aqueous organic solutions of the addition com 
ponents according to the invention are suitable for paint 
ing or coating textiles, leather and paper and for ?xing 
dyestuffs. Polyaddition occurs and a durable ?lm is ob 
tained. 
The products according to the invention are synthetic 

materials which may be worked up by the processes cus 
tomarily used for synthetic materials such as elastomers, 
thermoplasts, casting masses, lacquers and adhesives. 
The wide range in variation in starting materials pro 

vided by the three components makes it possible to pro 
duce different synthetic materials of very different types 
of properties, which may be used for a wide variety of 
purposes. It is possible to obtain products which are 
distinguished by their good thermal stability, their resist 
ance to solvents and chemicals and oxygen and their good 
mechanical properties and the fact that they are easily 
worked up. ‘In particular, materials that can be cast and 
injection moulded as well as moulding materials, elas 
tomers and starting materials for ?bres and foils may be 
obtained. A further advantages is that some of the prod 
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ucts according to the invention are capable of being hard 
ened by an after~treatment by heating. 
The products obtained by the process may be used as 

lacquers, adhesives, gelatine substitutes, auxiliary agents 
for textiles, foam plastics, caulking compositions, coating 
agents and ionic exchangers. 
The known reactions which are suitable for producing 

synthetic materials lead to products of low molecular 
weight if they do not proceed quantitatively or to macro 
molecules with unwanted side chains if the reactions are 
accompanied by cross linking. In both cases, the 
mechanical properties and chemical resistance of the 1prod 
ucts are impaired. This disadvantage is substantially 
avoided by the addition ‘according to the invention it 
more than two of the addition components I to III are di 
or polyfunctional. 

Example 1 
100 parts by weight of adipic acid-ethylene glycol poly 

ester (OH number 53.5; acid number 1.63; molecular 
weight about 2000) are heated for 3 hours with 9.9 parts 
by weight of succinic acid anhydride at 1‘25—135° to form 
an acid polyester which is intimately mixed, at 50 to 70° 
with 7.0 parts by weight of terephthalic dialdehyde and 
10.0 parts by Weight of 1-methyl-3:5-diethyl-2z4-phenyl 
ene-diisocyanide and then degasi?ed in vacuo (about 1 
mm. Hg). After heating for 24 hours at 60 to 80°, a 
pale brown elastic, temperature resistant synthetic mate 
rial is obtained. 

Example 2 

44 parts by weight of an acid polyester according to 
Example 1 are mixed at 50 to 70° with 2.8 parts by 
weight of terephthalic dialdehyde, 1.0 part by weight of 
2:4-toluylene diisocyanate and 6.7 parts by weight of 
3:3’:5:5’ - tetraethyldiphenylmethane - 4:4’-diisocyanide 

and degasi?ed in vacuo. The product is heated for 24 
hours at 60 to 80° to produce an elastic cross linked 
synthetic material of good temperature resistance and 
strength. I 

Example 3 
50 parts by weight of a polyester of adipic acid and 

ethylene glycol (OH number 53.5; acid number 1.63; 
molecular weight about 2000) are reacted for 6 hours at 
125 to 135° with 9.6 parts by weight of 1:2:4-benzene 
tricarboxylic acid anhydride to produce an acid polyester. 
24 parts by weight of this acid polyester are mixed at 
50 to 70° with 40 ‘parts by weight of the ?rst mentioned 
polyester with terminal hydroxyl groups and 6.0 parts by 
weight of hydroxypivalinic aldehyde. The liquid mix 
ture of 4.0 parts by weight of l-methyl-3:5-diethyl-2z4 
phenylene-diisocyanide and 13.0 parts by weight of 4:4’ 
diphenyl-methanediisocyanate is then stirred in. This 
viscous liquid, which contains ?ne gas bubbles is heated 
at 100 to 120° to produce an elastic foam plastic of 
high tear strength ‘and temperature resistance. 
The isocyanides used in the following examples are 

denoted as A, B and C: 
A. 3,3’, 5,5’-tetraethyl - 4,4’-diphenylmethane-diisocy 

anide 
B. 1,4-cyclohexane-diisocyanide 
‘C. a mixture of: 

Percent 
1-methyl-3,5-diethyl-2,4-phenylene-diisocyanide ____ 40 
1-methyl-3,5-diethyl-2,6-phenylene-diisocyanide __-_ 60 

Example 4 

100 parts of a copolymer of 93 parts of methylmeth 
acrylate and 7 pyarts of acrylic acid are dissolved in 100 
parts of ethyl acetate. After addition of 16 parts of isoni 
trile A and 14 parts of cyclohexanone, the mixture was 
stirred as long as a homogeneous solution has been 
formed. A ?lm was cast from this solution and sub 
sequently heated to 130° C. for 40 minutes. The so 
treated ?lm is insoluble in ethyl acetate. 
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Example 5 

The process as well as the components of Example 4 
were used, however, instead of isonitrile A 6.7 parts of 
isonitrile B ‘were applied. 

Example 6 

The process as well as the components of Example 4 
were used, however, instead of isonitrile A 9.8 parts of 
isonitrile C were applied. 

Example 7 

The components as well as the process as applied in 
Example 6 were used, however, besides isonitrile mix 
ture C an amount of 6 parts of acetone were added and 
the obtained polymer ?lm was heated to 120° C. for 20 
minutes. Thereafter, the ?lm is insoluble in ethyl acetate. 

Example 8 

7 parts of isonitrile B and 15 parts of benzophenone 
are dissolved in 200 parts of a 50% solution of a copoly 
mer of 

Parts 
Cyclohexylmethacrylate ______________________ __ 80 

Dodecylmethacrylate _________________________ __ 22 

Methacrylic acid _____ _; _____________________ __ 8 

in white spirit. 
A ?lm is cast from this solution and after drying heated 

to 150° C. for 30 minutes. The so-obtained ?lm is in 
soluble in white spirit. 

Example 9 

The process of Example 8 is followed and also the 
components of said example were applied, however, the 
benzophenone is substituted by 15 parts of heptyl alde 
hyde. 

Example 10 

Process and components as applied in Example 9 were 
used, however, instead of isonitrile B 10 parts of an 
isonitrile mixture C were applied. 

Example 11 

100 parts of a copolymer of 
Parts 

Acrylonitrile _________________________________ __ 20 

Butadiene _____________________________________ __ 72 

Met'hacrylic acid _____________________________ _. 8 

obtained by polymerisation in emulsion and. being soluble 
in 'dimethyl formamide were intimately mixed on a 
kneader at 50° C. with 6.7 parts of isonitrile B and 8 
parts of acetophenone. A sheet was formed from this 
mixture and annealed at 120° C. during 44 minutes. 
Thereafter, this material is insoluble in dirnet‘hyl form 
amide, resp. is only slightly swollen on the surface. 

Example 12 

900 parts of a copolymer of 
Parts 

Acrylic acid _________________________________ __ 10 
Acrylonitrile ________________________________ __ 90 

were dissolved with 8 parts of isonitrile B and 20 parts 
of cyclohexanone in dimethyl formamide. This solution 
was pressed through a nozzle into a water bath. The so~ 
obtained ?brous material is insoluble in dime-thyl form 
amide after a heating period of 15 minutes at 110° C. 

Example 13 

The components of Example 12 were used and the 
same process was applied, but 5 parts of benzhydrazide 
were ‘admixed in addition to the components of Example 
12. The discolouration of the cross-linked material is 
considerably lower. 
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Example 14 

100 parts of a copolymer of 
Parts 

Acrylic Acid ________________________________ __ 8 
Vinylacetate ________________________________ __ 25 

Vinylohloride _______________________________ __ 67 

and 10 parts of isonitrile C and 10 parts of isobutyralde 
hyde were dissolved in tetrahydrofurane. A ?lm was cast 
from this solution. After a heating period of 20 minutes 
at 100° C. the sic-obtained ?lm is insoluble in tetrahydro 
furane. 

Example 15 

100 parts of a copolymer of 
Parts 

Acrylic acid ________________________________ __ 20 

Vinylacetate ________________________________ __ 80 

were dissolved with a mixture of 70% methanol and 30% 
acetone and were mixed with 15 parts of isonitrile C as 
well as 15 parts of benzialdehyde. A ?lm was cast from 
this solution and is insoluble in acetone either after a 
heating period of 1 minute at 150° C. or a heating period 
of 20 minutes at 100° C. 

Example 16 

100 parts of a copolymer obtained by saponi?cation 
of the ethylene vinylacetate copolymer having a hydroxyl 
group content of 9.2% were dissolved with 500 ml. tetra 
hydrofurane and re?uxed for 24 hours with 50 parts of 
succinic acid anhydride. The polymer was precipitated 
by adding of water, washed and dried. The dried polymer 
was dissolved in tetrahydrofurane and mixed with 10 parts 
of isonit-rile B and 10 parts of cyclohexanone. A ?lm was 
cast from the so-obtained clear solution and heated for 
45 minutes to 120° C. The ?lm is insoluble in tetra 
hydro-furane. 

Example 17 

300 parts of an emulsion (having a 30% solids~content) 
of a copolymer of 

Parts 
Styrene ____________________________________ __ 66 

Methacrylic acid _____________________________ __ 9 
Acrylic acid butylester _______________________ __ 25 

were mixed by stirring with 13 parts of isonitrile mixture 
C and 50 parts of a 10% solution of formaldehyde in 
water. A ?lm was cast from this emulsion and after 
drying heated to 120° C. for 40 minutes. Thereafter, the 
?lm is insoluble in ethyl acetate. 

Example 18 
A process of Example 17 is repeated, but in addition 

to the components ‘used in said example, 8 parts of cyclo 
hex-anone were stirred into the emulsion. 

Example 19 
200 parts of an emulsion (having a 50% solids-content) 

of a copolymer of 
Parts 

Vinylacetate ________________________________ _- 50 

Acrylamide ________________________________ __ 40 

Acrylic acid ________________________________ __ 10 

were mixed by stirring with 15 parts of isonitrile C and 
25 parts of dioxane as well as a 20% aqueous glutar 
dialde'hyde solution. Thereafter a ?lm was cast from the 
cream-like emulsion and after drying heated to 110° C. 
The sot-obtained ?lm is insoluble in water, acetone or 
methanol. 

Example 20 
100 parts of a copolyrner of 

Parts 
Acrylic acid ________________________________ __. 110 

Methacrylic acid oxypropylester ________________ ._ l0 
Acrylic acid ethylester _______________________ __ 80 

were dissolved in ethyl acetate with 18 parts of isonit-rile 
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A and 20 parts of cinnamic aldehyde. A ?lm was cast 
from this solution and vheated to 120° C. for 25 minutes. 
Thereafter, the ?lm is insoluble in ethyl acetate. 

Example 21 
100 parts of alternating copolymer of isoprene and 

maleic acid-cyclohexyl semi-ester, 20 parts of isonitrile 
mixture C and 20 parts of cyclohexanone were dissolved 
in tetrahydrofurane. A ?lm was cast 'from this solution 
and heated to 120° C. for 40 minutes. Thereafter the 
film is insoluble in tetrahydrofurane. 

Example 22 

The process and the components are applied as in EX 
almple 21, however, instead of the isonitrile C 25 parts of 
isonitrile B are used. 

Example 23 

100 parts of a copolymer of 
Parts 

Vinyliden chloride ___________________________ __ 30 

Methacrylic acid methylester __________________ __ 60 
Methacrylic acid ____________________________ __ 10 

were dissolved in glycolmonomethylether acetate with 9 
parts of isonitrile B as well as 10 parts of ethyl amyl 
ketone. A ?lm was cast from this solution and heated to 
100° C. for 180 minutes and is insoluble in glycolmono 
ethyl ether acetate. 

Example 24 
218 parts of pyromellitic acid anhydride and 2000 parts 

of the polyester of adipic acid-ethylene glycol, said poly 
ester having a hydroxyl number of 56, were reacted while 
stirring for 8 hours at 125-135 ° C. After cooling to 20° 
C. the reaction product was intimately mixed with 330 
parts of 3,3’,5,5'-tetraethyl-diphenyl-methane-4,4'-diiso 
cyanide and 100 parts of benzophenone on a roller. The 
elastic cross-linked plastic is obtained by heating this miX_ 
ture 4-12 hours at a temperature between 110-l30° C. 

Example 25 

192 parts of 1,2,4-benzene-tricarboxylic acid anhydride 
were reacted with 567 parts of an esteri?cati‘on product 
of linseed oil with trimethylolpropane (obtained in known 
manner, having a hydroxyl number of 99) by heating for 
45 hours at 130° C. The so-obtained precondensate was 
mixed with 134 parts of 1,4 hexane-diisocyanide and 155 
parts of cyclohexanone as well as 3 parts of mangane 
naphthenate. The reaction product represents a lacquer 
which sets at 20-120° C. 

Example 26 

5 parts of isonitrile mixture C were dissolved in 100 
parts of a 40% solution of a copolymer of 

Parts 
Styrene __________________________________ .__ 260 

Acrylic acid butylester _______________________ __ 200 

Acrylic acid ________________________________ __ 40 

in ethyl acetate. The so-obtained isonitrile containing 
reaction mixture remains uncrosslinked even after storing 
for 20 days at 15° C. After said 20 days of storage 10 
parts of cyclohexanone were admixed, a ?lm was cast and 
after evaporating of the solvent heated for 15 minutes at 
100° C. Thereafter, the ?lm is insoluble in ethyl acetate. 

Example 27 
Repeating the process ‘of Example 26, however, using 

additionally 5 parts of hydrazine yields a ?lm which shows 
considerably lower discolouration. 

Example 28 
Instead of a copolymer used in Example 26 another 

copolymer of 
Parts 

Styrene ___________________________________ _... 260 

Acrylic acid butylester ______________________ .._ 200 
Methacrylic acid ___________________________ __ 40 
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was applied. The other components were used as de 
scribed in Example 26. When following the process of 
this Example 26 one can obtain a ?lm which is completely 
insoluble in ethyl acetate. 

Example 29 

30 parts of a 40% solution of a copolymer of 
Parts 

Methacrylic acid dodecylester _________________ __ 320 

Styrene ___________________________________ __ 363 

Methacrylic acid ___________________________ __ 60 

were mixed in a solvent mixture of 70 parts of white spirit 
and 30 parts of methylethyl ketone with 0.95 part of iso 
nitrile B and 7 parts of cyclohexanone. Thereafter, a ?lm 
was cast from the homogeneous solution. The solvent 
was evaporated at room temperature and after a storage 
of 40 hours at 23 ° C. the ?lm is insoluble in the originally 
used solvent mixture. 

Example 30 

A mixture of trifunctional isonitriles was prepared by 
the Passerini-re'action using 

Mols 
Citric acid ___________________________________ __ l 

Isonitrile mixture C ___________________________ __ 3 
Cyclohexanone _______________________________ __ 3 

These components were reacted in a 7% methanolic solu 
tion by keeping for 20 hours at 45° C. 11.2 parts of the 
aforesaid mixture of trifunctional isonitriles were dissolved 
in 30 parts of a 40% solution in white spirit of a co 
polymer of 

Parts 
Methacrylic acid dodecylester _________________ __ 330 

Styrene ___________________________________ __ 353 

Methacrylic acid ___________________________ __ 60 

A ?l-m was cast after adding 5 parts of cyclohexanone to 
this mixture. The so-obtained ?lm is insoluble in benzene, 
ethyl acetate or glycol monoethyl ether acetate after heat 
ing for 30 minutes to 140° C. 

Example 31 

Process and components were used as in Example 30, 
however, as isonitrile the isonitrile A (2 parts) were ap 
plied. 

Example 32 
Process and components were used as in Example 30, 

however, as isonitrile 1.38 parts of isonitrile C were ap 
plied besides 3 parts of stearyl amine were dissolved in the 
mixture of the crosslinking substances. The crosslinked 
?lm is only weakly discoloured and is insoluble in benzene 
or ethyl acetate. 

Example 33 
10 parts of the solution of copolymer of 

Parts 
Acrylic acid _______________________________ __ 64 

Styrene ___________________________________ __ 51 

Acrylic acid butylester ______________________ _- 52 
Acrylonitrile _______________________________ __ 102 

in a mixture of 
Parts 

Ethyl acetate ______________________________ __ 150 

Acetone ___________________________________ __ 150 

were mixed with one part of isonitrile mixture C and 2 
parts of cyclohexanone. A film was cast from the so 
obtained clear solution on an iron sheet and dried under 
air at room temperature. After a drying period of 5 
hours this ?lm is only slightly swollen on the surface 
when exposed to ethyl acetate. Another ?lm was stored 
for 5 minutes at 120° C. and shows therefore excellent 
adhesion to the metal sheet and is swelling resistant to 
wards ethyl acetate. 
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Example 34 

176 parts of a copolymer of 
Parts 

Acrylic acid _______________________________ __ 72 

Styrene ___________________________________ u 104 

were dissolved in 100 parts of acetone. 109 parts of 
cyclohexyl isonitrile and 120 parts of cyclohexanone were 
added to the solution. A ?lm was cast from this solution 
and crosslinked by heating to 80° C. for 1 hour. There 
after the ?lm is insoluble in acetone. 
We claim: 
1. Process for preparing polyester amides which com 

prises reacting at temperatures between ~20 and +200° 
C. (a) a carboxyl group containing polymer having a 
molecular weight of between 300 and 200,000 and having 
a carboxyl group content of from 1 to 20% by weight, 
with (b) an isonitrile of at least 7 carbon atoms and having 
at least one isonitrile group, and with (c) a carbonyl 
group containing component selected from ‘the group con 
sisting of aldehydes and ketones, at least two of the'addi 
tion components (a), (b) and (0) being bifunctional with 
respect to the de?ned functional groups. 

2. Process according to claim 1, wherein said carboxyl 
group containing polymer component (a), said isonitrile 
component (b) and said carbonyl component (c) are ap 
plied in molar ratios between carboxyl groups, carbonyl 
group and isonitrile group deviating by less than 50% 
from the equimolar amount. 

3. A process as claimed in claim 1 wherein said iso 
nitrile component (b) represents a member selected from 
the group consisting of monocyclic aromatic diisonitriles, 
diisonitriles of diphenyl alkanes, cycloalinhatic mono 
isonitriles having 5-6 carbon atoms, cycloaliphatic diiso~ 
nitriles having 5-6 carbon atoms and diisonitriles of 
aliphatic saturated hydrocarbons having 2-10 carbon 
atoms, and wherein said carbonyl group containing com 
ponent (0) represents a member selected from the group 
consisting of an aliphatic saturated mono-ketone having 
between 33-10 carbon atoms, a saturated aliphatic~aromatic 
mono-ketone having at least 8 carbon atoms, an aromatic 
aromatic mono-ketone and a cyclo-aliphatic mono-ketone 
having at least 5 carbon atoms. 

4. A process as claimed in claim 1 wherein said iso 
nitrile component (b) represents a member selected from 
the group consisting of monocyclic aromatic diisonitriles, 
diisonitriles of diphenyl alkanes, cycloaliphatic mono 
isonitriles having 5-6 carbon atoms, cycloaliphatic diiso 
nitrile having 5—6 carbon atoms and diisonitriles of 
aliphatic saturated hydrocarbons having 1-10 carbon 
atoms, and wherein said carbonyl group containing com 
ponent (c) is represented by a member selected from the 
group consisting of a saturated aliphatic aldehyde having 
from 1-12 carbon atoms and a monocyclic aromatic alde 
hyde containing at least one aldehyde grouping. 

5. A process as claimed in claim 1 which comprises 
applying as isonitrile component a polyfunctional iso 
nitrile in which the isonitrile groups are attached to the 
tertiary aliphatic carbon atom. 

6. A polyesteramide as obtained by the process of 
claim 1. 

7. A polyesteramide as obtained by the process of 
claim 3. 

8. A polyesteramide as obtained by the process of 
claim 4. 
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